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APPARATUS FOR CONFIRMING INITIAL 
CONDITIONS OF CLOTHES DRYING 

EQUIPMENT PRIOR TO START OF DRYING 
CYCLE 

RELATED APPLICATION 

The present application is a divisional of U.S. patent 
application Ser. No. 09/305,198, filed May 5, 1999, now 
U.S. Pat. No. 6,154,978 now allowed. 

BACKGROUND OF THE INVENTION 

The present invention relates to an apparatus and method 
for drying clothes with heated air. Specifically, a controller 
is described which confirms the initial conditions of the 
dryer prior to the Start of the drying cycle. 

Conventional clothes dryers comprise a tumbling cham 
ber into which a load of wet clothing is inserted. The 
chamber includes a tumbler which is rotated to effect tum 
bling of the clothes. A stream of hot air is forced through the 
tumbler which removes the moisture contained in the cloth 
ing to dry it. Conventional clothes dryers usually include a 
Single motor which rotates the tumbling chamber as well as 
forces the air through the tumbler. 

Reversing type clothes dryers have been in use for Some 
time. A reversing type clothes dryer utilizes two Separate 
motors. A first motor is attached to a fan or blower and is 
used for creating the air flow necessary in the drying 
process. A Second motor is connected to the drive System 
which rotates the tumbler and enables the clothes tumbling 
action. Having Separate motorS for the fan and for the drive 
system allows the tumbling action of the clothes dryer to be 
reversed without affecting the fan and the air flow through 
the tumbling chamber. 

In both the conventional and reversing type clothes 
dryers, damage may occur upon the failure of one of the 
dryer components. For example, if the blower or fan were to 
fail, it is possible that the burner would overheat causing 
damage to the burner System and potentially even a fire. In 
order to detect Such unsafe Situations resulting from insuf 
ficient air flow, a Sail Switch is utilized to measure the air 
flow in the combustion area as well as in the tumbler 
chamber. A Sail Switch is a mechanical Switch that is 
Switched on or off by the flow or non-flow of air. The sail 
Switch is used to indicate that air is flowing to reduce the 
heat of combustion in the burner and thus prevent the 
destruction of heat eXchanger components in the clothes 
dryer. 

In a reversing machine, the presence of Separate motors 
for the blower and the drive system make it possible to 
utilize the Signal from the Sail Switch to provide additional 
Safety features. The Signal from the Sail Switch can be used 
to prevent any mechanical movement of the drive System 
when there is insufficient air flow in the drying chamber, 
thereby preventing personal injury in the event that the 
clothes dryer is used improperly. 

SUMMARY OF THE INVENTION 

The present invention provides a method and apparatus 
for controlling the Start of the drying cycle in a clothes 
drying machine. The present invention prevents the 
mechanical movement of the drive System to present per 
Sonal injury in the event that the equipment is used improp 
erly. The invention also detects an insufficient air flow in the 
drying chamber to prevent the drying machine from being 
damaged. 
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2 
The clothes dryer of the present invention comprises a 

tumbler motor connected to a tumbler and a fan motor 
connected to a fan. The tumbler motor is controlled by a 
microprocessor controller and enables a tumbler motor 
contactor. Means Such as a Sail Switch are arranged to 
measure the air flow in the clothes dryer. The microproces 
Sor controller receives a Signal from the Sail Switch and 
provides a control Signal for the tumbler motor contactor. 
The microprocessor controller is programmed to Send an 
enabling Signal to the tumbler motor contactor to Start the 
tumbler motor only when a predetermined air flow in the 
clothes dryer is measured. 

In a method according to a preferred embodiment of the 
present invention, when a start cycle button is pressed, the 
microprocessor controller Sends a Start Signal to the blower 
motor. The blower motor generates an air flow in the 
tumbler. A Sail Switch measures the air flow and Sends a 
Signal to the microprocessor controller when Sufficient air 
flow is present in the clothes dryer. The microprocessor 
controller detects whether the sail Switch has been activated 
within a predetermined period of time after the blower motor 
has started. If the sail Switch has been activated within the 
predetermined period of time, the microprocessor controller 
Sends a Start signal to start the tumbler motor. Otherwise, the 
drying cycle is interrupted and an error message is dis 
played. 

In another embodiment of the present invention, after the 
tumbler motor is started, it is disabled by the microprocessor 
controller whenever the sail Switch indicates that the air flow 
has fallen below a predetermined level. 

In another embodiment of the present invention, when the 
dryer door is opened and a door Switch has failed, the Sail 
Switch acts as a backup to the door Switch and indicates that 
the air flow has dropped below the predetermined level. 
Thus, the microprocessor no longer receives a Signal from 
the sail Switch and it therefore disables the tumbler motor. 

The present invention utilizes the presence of two Sepa 
rate motors and as a result provides an additional level of 
Safety to prevent personal injury in the event that the clothes 
dryer is misused. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a garment dryer having a controller for 
controlling the Start of the drying cycle; 

FIG. 2 is a Schematic diagram illustrating the connection 
of the drying equipment to the controller; 

FIG. 3 is flow chart illustrating the steps carried out by the 
electronic controller when the dryer is operated. 

FIG. 4 is flow chart illustrating the steps carried out by the 
electronic controller when the dryer is operated. 

FIG. 5 is flow chart illustrating the steps carried out by the 
electronic controller when the dryer is operated. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides an apparatus and method 
for confirming the initial conditions of a clothes dryer prior 
to the Start of a drying cycle. The invention is preferably 
implemented in a clothes dryer of the reversing type. 
However, the present invention may be utilized in any dryer 
which has two or more motors. A reversing-type clothes 
dryer typically utilizes two electric motors. A first motor is 
attached to the blower or fan and is used for creating the air 
flow needed in the drying process. A Second motor is 
connected to the drive system which rotates the tumbler and 
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enables the clothes tumbling action. The present invention 
requires that the air flow in the clothes dryer be above a 
predetermined level before the drive system is enabled. 

In a method according to the invention, the first motor is 
activated to generate the air flow in the dryer. An air flow 
monitoring device, for example a Sail Switch, is used to 
measure the air flow. The Sail Switch is designed to generate 
a signal when the air flow reaches a desired level. The Sail 
Switch communicates with a microprocessor controller 
which enables the drive system only when it receives the 
signal from the sail Switch. If the air flow has not reached the 
desired level in a predetermined prior of time, an error 
message is displayed. The present invention can also detect 
when the air flow drops below the desired level after the 
drying cycle has started. In this case, the microprocessor no 
longer receives the Signal from the Sail Switch and therefore 
disables the drive system. 

Referring to FIG. 1, there is shown an embodiment of an 
apparatus which may employ the Start-up procedure of the 
present invention. The apparatus includes a drying chamber 
12 housing a material tumbler 13. Around the surface of the 
drying chamber 12 is an air distributor which Supplies air to 
the tumbling chamber heated by burner 16. A gas line valve 
18 regulates the flow of gas to the burner 16, according to 
signals received from the burner control circuit 17. The air 
laden with moisture exists an exhaust port 14. 
An electronic controller 35 will enable the blower motor 

contactor 26 at the initiation of a drying cycle. The blower 
motor 28 is arranged at the exhaust 14 and draws air into the 
drying chamber 12 through inlet 15. The blower motor 
contactor 26 is, of course, known in the art, and further 
description is unnecessary. A burner 16 is arranged in the air 
inlet 15 to heat the air provided to the drying chamber 12. 
The burner control circuit 17 receives an ENABLE and 
DISABLE signal from the controller 35. The flow of air 
from the inlet 15 through the drying chamber 12 and out 
through exhaust 14 is shown by arrows in FIG. 1. 
A keyboard 37 and display 38 are used to interface the 

operator to the electronic controller 35. As will be apparent 
with respect to FIG. 2, the electronic controller 35 includes 
a programmable microprocessor, which can read keyboard 
comments from keyboard 37, as well as display various 
computed parameters and messages in display 38. Power is 
provided to the electronic controller 35 by a power supply 
(PS) 36. 
A temperature sensor 32 is shown in the exhaust 14 which 

will give an accurate measurement of the drying temperature 
for the air in chamber 12. Preferably, the electronic control 
ler 35, through the use of the microprocessor, will continu 
ously read out values of temperature for the drying chamber 
12, and based on the temperature readings, compare them 
with a known Set point which has been pre-programmed in 
the electronic controller 35. The relationship between the 
Sensed temperature from Sensor 32 and Set point verSuS 
burner control signal is shown more particularly in U.S. Pat. 
No. 4,827,627 which is incorporated herein by reference. 
An air flow proving device, Such as Sail Switch 22, is 

arranged at the air inlet 15. The sail switch is used to 
measure the air flow through the drying chamber 12. AS 
described above, a Sail Switch is a mechanical Switch that is 
Switched on or off by the flow or non-flow of air, respec 
tively. The sail Switch is set so it is activated when a 
predetermined amount of air flow occurs through the drying 
chamber 12. Thus, when the desired air flow is achieved, the 
Sail Switch is activated and a Signal is Sent to electronic 
controller 35. The electronic controller 35 then enables the 
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4 
tumbler motor contactor 24 so that the tumbling action of the 
clothes may begin. The tumbler motor contactor 24 is known 
in the art and will not be described here further. The 
particular steps carried out by the electronic controller 35 
during the Start-up of the dryer are described more fully 
below. 
A more detailed illustration of the connection of the dryer 

equipment to the electronic controller is shown in FIG. 2. 
The electronic controller may be constructed to incorporate 
each circuit in the dryer through the electronic controller for 
interpretation as shown in FIG. 2. Present FIG. 2 illustrates 
Schematically a nine pin connector, a two pin connector, a 
Six pin connector and a four pin connector, from top to 
bottom in the figure, used to connect the drying equipment 
to the electronic controller 35. Of particular relevance here 
is the Six pin connector. AS is shown in the figure, this is 
where the Sail Switch is connected to the electronic control 
ler. Unless a Sufficient air flow is present in the drying 
chamber, the sail Switch will not be closed. Thus, the circuit 
will not be completed and the drying equipment will not be 
enabled. FIG. 2 also illustrates how the various other drying 
equipment is connected to the electronic controller 35. These 
connections are known and will not be described here 
further. 

Turning now to FIGS. 3-5, the programming steps 
executed by the electronic controller 35 during the start-up 
procedure in accordance with the present invention are more 
completely illustrated. The flow chart represented in FIGS. 
3-5 illustrates a start-up procedure for the dryer of FIG. 1. 
Some known Steps of the Start-up procedure have been 
omitted to more clearly illustrate the concept of present 
invention. 
The start-up program begins at Step 100 when a start 

command is entered through the keyboard 37. Steps 
101-116 are preliminary steps that occur before the start 
command is given to the blower motor. Steps 102-107 
determine the number of cycles the machine has been 
through to determine if the lint trap should be cleaned. Steps 
108-110 determine if there is sufficient voltage present to 
operate the machine. Steps 111-113 determine if the tem 
perature Sensor is present and StepS 114-116 determine if the 
drum high limit Signal is present. If any of the Signals in 
steps 102, 108, 111 and 114 are not present, the start-up 
procedure is aborted, the machine buzzes and displays an 
error message along with a Suggested remedy on the display. 
For example, steps 103-107 are the procedures the start-up 
program goes through to determine if the lint trap should be 
emptied. If the number of drying cycles the machine has 
executed is equal to predetermined number, a message is 
shown on display 38 to clean the lint trap. Along these same 
lines, steps 110, 113 and 116 suggest the action to be taken 
if the electronic controller detects an error while confirming 
the initial conditions of the drying equipment. 

Next, step 117 determines if the sail Switch signal is 
present. AS the blower motor has not been activated at this 
time, if the Sail Switch Signal is present, an error has 
occurred. Consequently, steps 118, 119 discontinue the start 
up procedure, the machine buZZeS and displays an error 
message that the Sail Switch has failed. If the Sail Switch 
Signal is not present, it is operating properly and the process 
continues to step 120. This step determines if the machine is 
of a reversing type. If the machine is not of a reversing type, 
only one motor is present and the program proceeds with 
steps 120-131. In step 121 the single motor for the fan and 
the drive system is started. The process then follows the 
normal Start-up procedure for a convention clothes dryer as 
shown in the process flow diagram. 
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If the electronic controller detects that a reversing board 
is present, that is, the machine is of a reversing type, the 
Start-up procedure for a reversing type machine is followed. 
Preferably, the procedure for a reversing machine is fol 
lowed even if the machine will not be operated in reversing 
mode for this particular drying cycle. The program thus 
proceeds to Step 132 and a start signal is Sent to Start the 
blower motor. This signal is preferably sent from electronic 
controller 35 to the blower contactor 26. Next, as shown in 
step 133, a timer is started. The timer is set for a period of 
time which it should take the blower to achieve the desired 
air flow in the drying chamber, for example about five 
Seconds. This amount of time can vary depending on the 
blower and dryer type. Preferably, the timer is started at the 
same time the start signal is sent to the blower motor. When 
the air flow reaches the desired level, the sail Switch is 
activated and generates a signal. The Signal is Sent to the 
electronic controller 35. However, if the blower is not able 
to create the desired amount of air flow in the dryer within 
the predetermined period of time, a problem has occurred 
with the blower motor, with the air flow inlet/outlet being 
clogged or another problem. Therefore, the electronic con 
troller determines in step 134 if the sail Switch has been 
activated within the predetermined period of time. If this has 
not occurred, the drying cycle is discontinued, all outputs 
from the electronic controller are shut off, the machine 
buZZeS and displays an error message that there is no air 
flow, per steps 137, 138. 
When the sail Switch signal is received by the electronic 

controller within the predetermined period of time the 
process continues with step 135 and it is determined if the 
Sail Switch Signal is valid for that particular dryer model. For 
example, when there is an error in the programming or the 
Sail Switch is set to be actuated at an incorrect level of air 
flow, the sail switch signal is not be valid for the pro 
grammed model type. In this case, the method proceeds to 
steps 139, 140 and discontinues the drying cycle and shuts 
off all outputs from the electronic controller. Preferably, the 
System would then default to GAS type, pause and display 
an error message that there is a model error and that the Start 
button should be pressed. If the sail Switch signal is valid, 
the drive motor is started in step 136. At this point, it has 
been determined that the blower motor has been turned on, 
is functioning properly and the desired level of air flows 
through the tumbler. Therefore, it is safe to start the drive 
motor. The Start-up procedure can then continue in a known 

C. 

However, after the Start-up procedure has been completed 
and the dryer has begun to operate, it is possible that the air 
flow through the dryer may fall below the desired level. This 
may occur, for example, if the door to the clothes dryer is 
open, among other reasons. Dryers typically include door 
Switches which disable the dryer motors when the dryer door 
is opened. However, if the lint 40 or main 30 door to the 
clothes dryer is opened while the dryer is operating and the 
door Switches fail or are bypassed, the continued rotation of 
the tumbler may cause Serious injury to an operator who 
places his hands and/or arms inside the tumbling chamber. 
Therefore, the present invention is also designed to disable 
the tumbler motor when either of the door Switches to the 
clothes dryer has failed. Thus, the reduction of air flow 
through the drying chamber caused by an open door is also 
detected using the Sail Switch. 

The size of the inlet 15 and outlet 14 ports are chosen so 
that there is a predetermined amount of back pressure in the 
tumbling chamber during the drying cycle when the dryer is 
being used properly. Whenever the doors 30.40 to the 
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6 
clothes dryer open, Some of the air being drawn by the 
blower 28 enters the drying chamber 12 through the open 
door 30 or through is drawn through lint door 40, rather than 
through inlet 15. The pressure in the tumbling chamber 12 
changes, resulting in a reduced air flow through the inlet 15. 
The sail Switch 22, preferably arranged in the inlet 15 near 
its opening to the drying chamber 12, is Set So that when the 
air flow through the inlet drops below a predetermined 
value, the sail Switch is disabled. The sail Switch 22 no 
longer Sends a signal to the electronic controller 35 that there 
is sufficient air flow through the tumbling chamber 12. In 
response, the electronic controller 35 disables the Signal to 
the tumbler contactor 24, which disables the tumbler motor. 
Although many dryers contain Separate Sensors to determine 
when the lint or main door has been opened, the present 
invention provides an additional Safety measure to protect 
the operator in case the dryer is used in an improper fashion. 
Further, if the dryer door 30 or lint door 40 is open when the 
start-up begins in step 100 and the door Switch has failed or 
has been bypassed, the blower will not generate enough air 
flow to activate the sail Switch. Thus, the tumbler motor will 
not start, reducing the risk of injury. 

Accordingly, a method and apparatus for confirming the 
initial conditions of a clothes dryer prior to Starting the 
drying cycle has been provided. The invention utilizes 
Separate motors for the blower and the drive System in a 
clothes dryer to provide an additional level of safety. The 
present invention requires that the air flow proving device, 
for example a sail Switch, be activated before the drive 
System is enabled. The present invention can also detect 
when a door Switch to the clothes dryer has failed and 
disable the drive System. This prevents any mechanical 
movement of the drive System to avert personal injury in the 
event the drying equipment is used improperly. 
While a preferred embodiment of the invention has been 

described above, since variations in the invention will be 
apparent to those skilled in the art, the invention should not 
be construed as limited to the Specific embodiments 
described above. For example, the Specific ordering of the 
Steps of the Start-up procedure may be rearranged as long as 
the Start of the drive System remains dependent upon the 
presence of Sufficient air flow through the dryer. 
What is claimed is: 
1. A clothers dryer comprising: 
a tumbler motor connected to a tumbler, 
a tumbler motor contactor connected to Said tumbler 

motor, 
a fan motor connected to a fan; 
a Sail Switch arranged to close when a pre-determined air 

flow occurs in Said dryer, 
an electronic controller connected to Said Sail Switch and 

Said tumbler motor contactor and programmed to Send 
an enabling Signal to Said tumbler motor contactor only 
when said Sail Switch is activated. 

2. The clothes dryer of claim 1 wherein said electronic 
controller disables Said tumbler motor contactor when Said 
Sail Switch is inactivated. 

3. The clothes dryer of claim 1 wherein said sail Switch 
remains inactivated when Said fan motor fails to start. 

4. The clothes dryer of claim 1 wherein said electronic 
controller disables Said tumbler motor contactor when Said 
Sail Switch is open. 

5. In a clothes dryer of the type having a first motor 
driving a fan and a Second motor driving a tumbler, an 
apparatus for controlling the Start of Said dryer comprising: 

a Switching means for measuring air flow in a tumbler 
chamber; and 
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an electronic controller for controlling Said first motor and 
responsive to Said Switching means, Said controller 
Sending an enabling Signal to Start Said Second motor 
only when Said Switching means detects a pre 
determined air flow in said tumbler chamber. 

6. The apparatus of claim 5 wherein Said Switching means 
is arranged in an air inlet to Said tumbler chamber. 

7. The apparatus of claim 5 wherein Said fan is arranged 
in an exhaust port from Said tumbler chamber. 

8. apparatus of claim 5 wherein Said controller Sends a 
disabling Signal to Stop Said Second motor after Said enabling 
Signal when a Sail Switch detects an air flow below said 
predetermined level. 

9. A clothes dryer comprising: 
a tumbler chamber; 
an inlet connected to a burner providing a heat flow to Said 

tumbler chamber; 
an outlet for exhaust to flow from said tumbler chamber; 
a means arranged in Said inlet for indicating an air flow; 

1O 

15 

8 
a electronic controller receiving Said indication of Said air 

flow from Said means and Sending a stop Signal when 
Said air flow is not above a predetermined level. 

10. The dryer of claim 9 further comprising: 
a first motor driving a blower arranged at Said outlet; and 
a Second motor driving a tumbler arranged in Said tum 

bling chamber, both said motors enabled by said elec 
tronic controller. 

11. The dryer of claim 10 wherein said first motor is 
disabled by Said stop signal from Said electronic controller. 

12. The dryer of claim 10 wherein said second motor is 
disabled by Said stop signal from Said electronic controller. 

13. The dryer of claim 9 wherein said electronic controller 
detects when a Sail Switch indicates Said predetermined flow 
a preselected time limit. 

14. The dryer of claim 11 wherein said electronic con 
troller discontinue output signals when said means does not 
detect Said predetermined flow within Said preselected time 
limit. 


